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%LRPROHFXODUWUDQVLWLRQVDQGOLSLGDFFXPXODWLRQLQJUHHQPLFURDOJDH
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
)RXULHU WUDQVIRUP LQIUDUHG )7,5 DQG 5DPDQ VSHFWURVFRSLF WHFKQLTXHV ZHUH
HPSOR\HGWRDQDO\]HWKHELRPROHFXODUWUDQVLWLRQVDQGOLSLGDFFXPXODWLRQLQWKUHHIUHVKZDWHU
JUHHQPLFURDOJDOVSHFLHV0RQRUDSKLGLXPFRQWRUWXP0FRQWRUWXP3VHXGRPXULHOODVSDQG
&KODP\GRPRQDVVSGXULQJYDULRXVSKDVHVRIWKHLUJURZWK%LRPROHFXODUWUDQVLWLRQVDQGOLSLG
>K\GURFDUERQV WULDF\OJO\FHULGHV 7$*V@ DFFXPXODWLRQ ZLWKLQ WKH PLFURDOJDO FHOOV ZHUH
LGHQWLILHGXVLQJVHFRQGGHULYDWLYHVRI WKH)7,5DEVRUSWLRQVSHFWURVFRS\6HFRQGGHULYDWLYH
DQDO\VLVQRUPDOL]HGDQGUHVROYHGWKHRULJLQDOVSHFWUDDQGOHGWRWKHLGHQWLILFDWLRQRIVPDOOHU
RYHUODSSLQJ EDQGV %RWK UHODWLYH DQGDEVROXWH FRQWHQW RI OLSLGV ZHUH GHWHUPLQHG XVLQJ WKH
LQWHJUDWHGEDQGDUHD0FRQWRUWXPH[KLELWHGKLJKHUDFFXPXODWLRQRIOLSLGVWKDQWKHRWKHUWZR
VSHFLHV 7KH LQWHJUDWHG EDQG DUHD RI WKH YLEUDWLRQV IURP VDWXUDWHG 6)$ DQG XQVDWXUDWHG
OLSLGV 8)$ HQDEOHG TXDQWLILFDWLRQ RI IDWW\ DFLGV 7KH SHUFHQWDJH RI 6)$ DQG 8)$ ZDV
GHWHUPLQHGXVLQJ*&)7,5DQG5DPDQVSHFWURVFRS\ )URPWKHVSHFWUDOGDWD WKHRUGHURI
LQFUHDVLQJ FRQFHQWUDWLRQ RI 6)$ DPRQJ WKH WKUHH PLFURDOJDO VSHFLHV ZDV 0 FRQWRUWXP !
&KODP\GRPRQDVVS!3VHXGRPXULHOODVS7KHVSHFWUDOUHVXOWVRQIDWW\DFLGVZHUHFRQVLVWHQW
ZLWKWKHVHSDUDWLRQRIOLSLGVE\JDVFKURPDWRJUDSK\7KHUHVXOWVHPSKDVL]HGWKHVLJQLILFDQFH
RI )7,5 DQG5DPDQ VSHFWURVFRSLF PHWKRGV LQ PRQLWRULQJ WKHELRPROHFXODU WUDQVLWLRQV DQG
UDSLGTXDQWLILFDWLRQRIOLSLGVZLWKRXWWKHQHHGIRUH[WUDFWLRQRIOLSLGV

.H\ZRUGV
9LEUDWLRQDOVSHFWURVFRS\LQIUDUHGK\GURFDUERQVOLSLGELRGLHVHOELRIXHOELRHQHUJ\

&RUUHVSRQGLQJDXWKRU
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 ,QWURGXFWLRQ
,QWKHODVWWZRGHFDGHVVHYHUDOUHVHDUFKHUVKDYHH[SORUHGWKHSRWHQWLDORIPLFURDOJDH
DV D VRXUFH IRU ELRGLHVHO >±@ 0LFURDOJDH DUH XQLFHOOXODU RUJDQLVPV DOVR NQRZQ DV
SK\WRSODQNWRQ WKDW FDQ QRUPDOO\ JURZ LQ IUHVK ZDWHU DQG LQ PDULQH V\VWHPV $PRQJ WKHLU
VHYHUDO WD[RQRPLF JURXSV JUHHQ DOJDH &KORURSK\FHDH F\DQREDFWHULD &\DQRSK\FHDH
JROGHQ DOJDH &KU\VRSK\FHDH DQG GLDWRPV %DFLOODULRSK\FHDH KDYH EHHQ UHSRUWHG DV
SRWHQWLDOVSHFLHVIRUELRIXHOSURGXFWLRQ>@0LFURDOJDHKDYHJDLQHGDFRQVLGHUDEOHLQWHUHVW
DFURVVWKHZRUOGGXHWRLWVDELOLW\WRV\QWKHVL]HDQGDFFXPXODWHPRUHOLSLGVDQGKDYHEHFRPH
DVLJQLILFDQWVRXUFHRIWKLUGJHQHUDWLRQELRIXHOV
/LSLGV IURP PLFURDOJDO VSHFLHV FRPSULVHV RI VDWXUDWHG DQG XQVDWXUDWHG IDWW\ DFLGV
PRQR DQG SRO\XQVDWXUDWHG IDWW\ DFLGV WKDW KDYH ORQJ K\GURFDUERQ FKDLQV ZLWK FDUER[\OLF
DFLGV 8QGHU QXWULHQW VWUHVV DOJDO FHOOV DOWHU WKHLU OLSLG ELRV\QWKHWLF SDWKZD\V WRZDUGV
IRUPDWLRQRIQHXWUDOOLSLGVFDOOHG7ULDF\OJO\FHULGHV7$*V>±@ZKLFKDUHPDGHXSRIWKUHH
IDWW\ DFLGV DQG D JO\FHURO 7KH PDMRULW\ RI IDWW\ DFLGV LQ 7$*V DUH VDWXUDWHG 6)$ DQG
PRQRXQVDWXUDWHG 08)$3RO\XQVDWXUDWHG IDWW\ DFLGV DUHHQULFKHG LQSRODU OLSLGV >@
6)$ DQG 08)$ LQ PLFURDOJDH FDQ EH DQ H[FHOOHQW VRXUFH RI ELRGLHVHO GXH WR WKHLU KLJK
R[LGDWLYH VWDELOLW\ DQG OHVVHU 12; HPLVVLRQV LQ FRPSDULVRQ WR SRO\XQVDWXUDWHG IDWW\ DFLGV
38)$H[FHSWWKDWWKHKLJKPHOWLQJSRLQWRI6)$FDQFDXVHJHOOLQJRIIXHOLQFROGZHDWKHU
>@7KHSULPDU\IRFXV LQDOJDOELRIXHO UHVHDUFKZDV WR LGHQWLI\PLFURDOJDOVSHFLHV WKDW
FDQSURGXFHVLJQLILFDQWDPRXQWRIOLSLGVLQWKHIRUPRI7$*V
%LRPROHFXODUFRPSRVLWLRQRIPLFURDOJDOFHOOVZLWKSDUWLFXODU LQWHUHVW RQ OLSLGVKDYH
EHHQ TXDQWLILHG E\ QXPHURXV LQYHVWLJDWLYH WHFKQLTXHV $PRQJ WKHP WUDGLWLRQDO DQDO\WLFDO
PHWKRGV RI OLSLG GHWHFWLRQ LQFOXGH FKURPDWRJUDSKLF EDVHG VHSDUDWLRQ DQG TXDQWLILFDWLRQ RI
OLSLGV VXFKDVJDVFKURPDWRJUDSK\ *&KLJKSHUIRUPDQFH OLTXLGFKURPDWRJUDSK\ +3/&
DQG WKLQ OD\HU FKURPDWRJUDSK\ 7/& 7KHVH DUH SRZHUIXO WHFKQLTXHV IRU OLSLG DQDO\VLV
+RZHYHU WKHPHWKRGV UHTXLUHH[WUDFWLRQRI OLSLGV IURPDOJDOELRPDVVSULRU WRDQDO\VLV DQG
DUH GHVWUXFWLYH WLPH FRQVXPLQJ DOVR LQYROYHV ODUJH DPRXQW RI ELRPDVV FRVWO\ FKHPLFDO
UHDJHQWVIRUDQDO\VLVDQGWKHUHIRUHFDQQRWEHHIIHFWLYHO\XVHGIRUVFUHHQLQJODUJHQXPEHURI
PLFURDOJDOVDPSOHV>±@$QRWKHUPHWKRGIRUOLSLGGHWHFWLRQXVLQJIOXRUHVFHQWG\HFDOOHG
1LOH5HGVWDLQLQJKDVEHHQXVHGWRYLVXDOL]HOLSLGDFFXPXODWLRQZLWKLQFHOOVE\IOXRUHVFHQFH
PLFURVFRS\ +RZHYHU LW LV DIIHFWHG E\ XQHYHQ G\H XSWDNH GXH WR GLIIHUHQFHV LQ FHOO ZDOO
FRPSRVLWLRQDPRQJVSHFLHV1LOHUHGVWDLQLQJLVQRWTXDQWLWDWLYHDVFKURPDWRJUDSKLFPHWKRGV
DQGFDQQRWGLVWLQJXLVKEHWZHHQQHXWUDODQGSRODUOLSLGV>@
 ?

5DSLG HIILFLHQW PHWKRGV DUH GHVLUDEOH IRU OLSLG TXDQWLILFDWLRQ LQ DOJDO ELRPDVV IRU
VFUHHQLQJ RI VSHFLHV DQG JURZWK FRQGLWLRQV 6SHFWURVFRSLF WHFKQLTXHV VXFK DV )RXULHU
WUDQVIRUPHGLQIUDUHGVSHFWURVFRS\)7,5DQG5DPDQVSHFWURVFRS\KDYHEHHQUHSRUWHGWREH
QRQGHVWUXFWLYHIDVWDQGYHUVDWLOHWRROVWRDQDO\]HDOJDOELRPDVVXVLQJPLQLPDOYROXPHZLWK
PXFKHDVH>±@7KHDQDO\VLV LQYROYHV WKHPHDVXUHPHQWRIDEVRUSWLRQ)7,5VFDWWHULQJ
5DPDQLQWHQVLW\LQUHODWLRQWRDUDQJHRIPROHFXODUYLEUDWLRQDOPRGHVGXHWRWKHSUHVHQFHRI
ELRPROHFXOHVHQDEOLQJTXDQWLILFDWLRQ>@
6HYHUDOUHVHDUFKHUVKDYHGHPRQVWUDWHGWKHXVHRIHLWKHURIWKHVHVSHFWUDOWHFKQLTXHVWR
DQDO\]HWKHPLFURDOJDOFHOOV)7,5VSHFWURVFRS\KDVEHHQXVHGWRLGHQWLI\WKHELRPROHFXOHV
SUHVHQW LQ PLFURDOJDH >±@ DQG WR GHWHUPLQH OLSLG DFFXPXODWLRQ LQ UHVSRQVH WR QXWULHQW
VWUHVV OLNH QLWURJHQ DQG SKRVSKRUXV RU RWKHU HQYLURQPHQWDO PRGLILFDWLRQV >@ 6WXGLHV
KDYH UHSRUWHG WKH XVH RI )7,5 LQ HYDOXDWLQJ DQG PRQLWRULQJ OLSLG DFFXPXODWLRQ DQG LWV
H[WUDFWLRQHIILFLHQF\ LQ RWKHU PLFURRUJDQLVPV VXFK DV ROHDJLQRXV \HDVWV DQG IXQJL >@
6HFRQG RUGHU GHULYDWLYHV RI WKH DEVRUSWLRQ VSHFWUD KDYH DOVR EHHQ GHWHUPLQHG WR HQKDQFH
VHSDUDWLRQRIWKHRYHUODSSLQJEDQGVRIWKHUDZVSHFWUDDQGWRGRTXDQWLWDWLYHDQDO\VLV>@
)7,5VSHFWURVFRS\KDVEHHQVKRZQWRHQKDQFHWKHELRORJLFDODQGHFRORJLFDODQDO\VLVRIDOJDH
DQG WR DVVHVV TXDQWLWDWLYH FKDQJHV LQ WKH LQWUDFHOOXODU PDFURPROHFXODU SRROV RI PLFURDOJDH
>±@
5DPDQ VSHFWURVFRS\ DQG LWV LPDJLQJ WHFKQLTXHV KDYH DOVR EHHQ XVHG WR LGHQWLI\
ELRFKHPLFDO FRPSRVLWLRQ DQG WR SUHGLFW WKH QXWULHQW VWDWXV RI PLFURDOJDO FHOOV >@ ,Q
 WKH 5DPDQ 5HVHDUFK *URXS DW *KHQW %HOJLXP SXEOLVKHG D UHIHUHQFH GDWDEDVH RI
5DPDQ VSHFWUD RI ELRORJLFDO PROHFXOHV >@ $SDUW IURP WKH TXDOLWDWLYH DQDO\VLV RI WKH
ELRFKHPLFDOFRPSRVLWLRQ5DPDQVSHFWURVFRS\KDVDOVREHHQXVHGWRGRTXDQWLWDWLYHDQDO\VLV
RI WKH GHJUHH RI XQVDWXUDWLRQ RI OLSLGV LQ PLFURDOJDH >±@ DQG WR HYDOXDWH WKH
DFFXPXODWLRQRIOLSLGVHVSHFLDOO\WULDF\OJO\FHULGHV7$*VLQPLFURDOJDH>±@5DPDQ
VSHFWURVFRS\ZLWK FKHPRPHWULFVZDV DSSOLHGIRU DVVHVVLQJ WKHSK\VLRORJLFDO UHVSRQVHVDQG
JURZWKSKDVHVRIGLIIHUHQWPLFURDOJDHXQGHUHQYLURQPHQWDOFKDQJHV>@6WDWLVWLFDOWRROVDQG
PXOWLYDULDWH DQDO\VLV FRPELQHG ZLWK )7,5 DQG 5DPDQ VSHFWUDO VWXGLHV VLPSOLI\ WKH
FRPSOH[LW\RIWKHVSHFWUDOGDWD>@
)HZHUVWXGLHVKDYHEHHQUHSRUWHGRQXVLQJERWK)7,5DQG5DPDQVSHFWUDODQDO\VHVWR
VWXG\PLFURDOJDOVSHFLHV>@0LFURDOJDOVSHFLHVOLNH&KORUHOOD+DHPDWWRFRFFXV'XQDOLHOOD
6SLUXOLQD1DQQRFKORURSVLV6FHQHGHVPXV&KODP\GRPRQDVDQG0RQRUDSKLGLXPKDYHEHHQ
UHSRUWHG DV SURPLVLQJ VSHFLHV IRU ELRGLHVHO DSSOLFDWLRQV WKURXJK WUDGLWLRQDO OLSLG
TXDQWLILFDWLRQ PHWKRGV >@ $PRQJ WKHP JUHHQ DOJDO VSHFLHV &KORUHOOD VS KDV
 ?

H[KLELWHG  WR  IROG LQFUHDVH LQ OLSLG FRQWHQW XQGHU QLWURJHQ VWDUYHG FRQGLWLRQ >@
&KODP\GRPRQDVUHLQKDUGWLLDQG6FHQHGHVPXVVXEVSLFDWXVKDYHH[KLELWHGWRIROGLQFUHDVH
LQOLSLGDFFXPXODWLRQ>@
7KHSUHVHQWVWXG\DLPVWRPRQLWRUWKHELRPROHFXODUWUDQVLWLRQVDQGOLSLGDFFXPXODWLRQ
HVSHFLDOO\7$*VLQWKUHHIUHVKZDWHUJUHHQPLFURDOJDOVSHFLHV0RQRUDSKLGLXPFRQWRUWXP0
FRQWRUWXP3VHXGRPXULHOODVSDQG&KODP\GRPRQDVVSGXULQJWKHLUYDULRXVJURZWKSKDVHV
XVLQJ )7,5 DQG 5DPDQ VSHFWUDO WHFKQLTXHV IRU ELRGLHVHO DSSOLFDWLRQ 7KH VWXG\ DLPV WR
YDOLGDWH WKH VSHFWUDO UHVXOWV ZLWK OLSLG TXDQWLILFDWLRQ E\ *& DQG LQWHQGV WR HPSKDVL]H WKH
VLJQLILFDQFHRIWKHVHWZRVSHFWURVFRSLFPHWKRGVLQWKHUDSLGTXDQWLILFDWLRQRIOLSLGVZLWKRXW
WKHQHHGIRUH[WUDFWLRQRIOLSLGV

 0DWHULDOVDQG0HWKRGV
 0LFURDOJDOVWUDLQVDQGFXOWXUHFRQGLWLRQV
7KUHH IUHVKZDWHU JUHHQ PLFURDOJDO LVRODWHV 0RQRUDSKLGLXP FRQWRUWXP
0 FRQWRUWXP 3VHXGRPXULHOOD VS DQG &KODP\GRPRQDV VS )LJ  ZHUH REWDLQHG IURP
WKH5HVHDUFKFHQWUHLQ%RWDQ\DQG0LFURELRORJ\/DG\'RDN&ROOHJH0DGXUDL7DPLO1DGX
,QGLD  7KH FHOOV ZHUH FXOWXUHG LQ PRGLILHG %* PHGLXP E\ DGGLQJ LQRFXOXP ZLWK 
RSWLFDOGHQVLW\2'WRWKHFXOWXUHYHVVHOVFRQWDLQLQJPORIFXOWXUHPHGLXPLQWULSOLFDWHV
%DWFKFXOWXUHVVWDWLFZLWKLQWHUPLWWHQWVKDNLQJZHUHLOOXPLQDWHGZLWKDOLJKWLQWHQVLW\RI
SKRWRQV PRO P V DW & DQG D SKRWRSHULRG RI K OLJKW GDUN F\FOH ZDV
PDLQWDLQHG WKURXJKRXW WKH VWXG\ SHULRG  'XULQJ LQFXEDWLRQ WKH PRQRVSHFLILFLW\ RI WKH
FXOWXUHV ZHUH YHULILHG SHULRGLFDOO\ E\ PLFURVFRSLF REVHUYDWLRQ DQG QR HYLGHQFH RI
FRQWDPLQDWLRQZDVIRXQG
0FRQWRUWXP 3VHXGRPXULHOODVS &KODP\GRPRQDVVS
)LJ2SWLFDOPLFURVFRSLFLPDJHVRIWKHWKUHHIUHVKZDWHUJUHHQPLFURDOJDOVSHFLHV
 %LRPDVVKDUYHVWIRUVSHFWUDODQDO\VLV
7KH FHOOV RI 0 FRQWRUWXP 3VHXGRPXULHOOD VS DQG &KODP\GRPRQDV VS ZHUH
KDUYHVWHGRQ WKHLU WK WK WK DQG WK GD\ RI JURZWK   PO RI WKH FXOWXUH IURP HDFK
WULSOLFDWH IODVN ZDV WDNHQ DQG FHQWULIXJHG DW  USP IRU  PLQ 7KH VXSHUQDWDQW ZDV
 ?

GLVFDUGHGDQG WKHFHOOVZHUHZDVKHGZLWKGLVWLOOHGZDWHUDQGZHUH IUHH]HGULHGDW R&WR
R&XVLQJDO\RSKLOL]HU$OSKD/'SOXV&+5,67*PE+*HUPDQ\

 )7,5VSHFWURVFRS\DQGPHDVXUHPHQWV
)UHH]HGULHGELRPDVVIURPHDFKWULSOLFDWHZDVHTXDOO\ZHLJKHGDQGPL[HGZLWK.%U
LQ WKH  UDWLR DQG ZHUH SHOOHWL]HG XVLQJ D K\GUDXOLF SHOOHW SUHVV  ,QIUDUHG DEVRUSWLRQ
VSHFWUD ZHUH UHFRUGHG XVLQJ D 7KHUPR 6FLHQWLILF 1LFROHW  )7,5 VSHFWURPHWHU 7KHUPR
(OHFWURQ&RUSRUDWLRQ86$LQWKH7UDQVPLVVLRQ(63PRGHZLWKVFDQVIRUHDFKVSHFWUXP
DW  FP UHVROXWLRQ LQ WKH ZDYH QXPEHU UDQJH RI    FP  'HXWHUDWHG WULJO\FLQH
VXOSKDWH'7*6GHWHFWRUZDVXVHGIRUGHWHFWLRQ6SHFWUDZHUHUHFRUGHGIRUWKUHHUHSOLFDWHV
SHU VDPSOH UHVXOWLQJ LQ  VSHFWUD DW HYHU\ SKDVH RI JURZWK WK WR WK GD\ IRU DOO WKUHH
VSHFLHV \LHOGLQJ D WRWDO RI  VSHFWUD $OO VSHFWUD ZHUH QRUPDOL]HG XVLQJ WKH DXWRPDWLF
EDVHOLQHFRUUHFWLRQDOJRULWKPRI2PQLF

 5DPDQVSHFWURVFRS\DQGPHDVXUHPHQWV
5DPDQVSHFWUDOPHDVXUHPHQWVZHUHFDUULHGRXWRQWKHIUHH]HGULHGELRPDVVIURPHDFK
WULSOLFDWH7KH\ZHUHHTXDOO\ZHLJKHGDQGSODFHG LQDQHSSHQGRUI WXEH LQ IURQWRI WKHSHDN
ILQGHUILEUHRSWLFYLGHRSUREHRID0RGXODU5DPDQV\VWHP%D\6SHF&DOLIRUQLD86$
7KHGLVWDQFHEHWZHHQWKHSUREHDQGWKHVDPSOHZDVPDLQWDLQHGWKHVDPHIRUDOODQDO\VLV$
WRWDORIVSHFWUDZHUHUHFRUGHGIRUWKHWKUHHVSHFLHVLQWULSOLFDWHDWWKHIRXULQWHUYDOVRIWKHLU
JURZWKSKDVHV1HDU,5ODVHURIQPZLWKD ODVHUSRZHURIP:ZDVIRFXVHGRQWKH
VDPSOH 6SHFWUD ZHUH UHFRUGHG LQ WKH VSHFWUDO UDQJH RI  ±  FP DW  FP
UHVROXWLRQZLWKDQH[SRVXUHWLPHRIVIRUVFDQV7KHH[SRVXUHWLPHZDVRSWLPDOO\FKRVHQ
E\HQVXULQJ WKDW WKHUHZDVQR ODVHU LQGXFHGGDPDJH IRU WKH DOJDO ELRPDVV ,QGLXPJDOOLXP
DUVHQLGH,Q*D$VGHWHFWRUZDVXVHGIRUGHWHFWLRQ(DFKVSHFWUDODFTXLVLWLRQZDVPDGHZLWK
GDUN EDFNJURXQG VXEWUDFWLRQ DQG DOO VSHFWUD ZHUH QRUPDOL]HG E\ EDVHOLQH FRUUHFWLRQ XVLQJ
6SHFVRIWZDUH

 3RVWSURFHVVLQJRIVSHFWUDOGDWD
7KH DFTXLUHG )7,5 DQG 5DPDQ VSHFWUDO GDWD ZHUH SURFHVVHG XVLQJ 2ULJLQ 3UR 
VRIWZDUH $OO WKH VSHFWUD ZHUH VPRRWKHG XVLQJ 6DYLW]N\ ± *ROD\ PHWKRG ZLWK D  SRLQW
ZLQGRZ6HFRQGRUGHUGHULYDWLYHVRIWKH)7,5DQG5DPDQVSHFWUDZHUHREWDLQHGE\XVLQJWKH
GLIIHUHQWLDWH PHWKRG ZLWK GHULYDWLYH RUGHU   ,QWHJUDWHG SHDN DUHD ZDV REWDLQHG IURP WKH
VHFRQGGHULYDWLYHVSHFWUDWRGHWHUPLQHWKHUHODWLYHDQGDEVROXWHFRQWHQWRIOLSLGV
 ?

 )DWW\DFLGTXDQWLILFDWLRQE\*DVFKURPDWRJUDSK\*&

$OJDO FHOOV ZHUH KDUYHVWHG E\ FHQWULIXJDWLRQ DW  USP IRU  PLQXWHV DQG OLSLG
H[WUDFWLRQZDVFDUULHGRXWIURPWKHSHOOHWVEDVHGRQPRGLILHG%OLJKDQG'\HUPHWKRG
PORI0H2+&+&O ZDV DGGHG WRPORIDOJDOFXOWXUHDQGYRUWH[HG&HQWULIXJDWLRQ
ZDVGRQHDWUSPIRUPLQXWHV7KHXSSHUOD\HUZDVGLVFDUGHGDQGWKHORZHUFKORURIRUP
SKDVHFRQWDLQLQJWKHH[WUDFWHGOLSLGVZDVWUDQVIHUUHGLQWRDQHZWXEH)DWW\DFLGPHWK\OHVWHUV
)$0(ZHUHSUHSDUHGIURPWKHH[WUDFWHGOLSLGVE\WUDQVPHWK\ODWLRQZLWKVXOSKXULFDFLG
LQPHWKDQRO >@$QK\GURXV VRGLXPVXOSKDWHZDVDGGHG WR WKH OD\HU WRHOLPLQDWH WKHZDWHU
FRQWHQW7KHREWDLQHG)$0(ZDVVWRUHGDW &IRU*&DQDO\VLV)DWW\DFLGDQDO\VLVZDV
SHUIRUPHGXVLQJ *DV &KURPDWRJUDSK  3OXV 6KLPDG]X -DSDQ XVLQJ )ODPH ,RQL]DWLRQ
'HWHFWRU),',QMHFWRUDQG'HWHFWRUWHPSHUDWXUHZDVVHWDW&DQG&UHVSHFWLYHO\
2QH PLFUROLWUH RI WKH VDPSOH ZDV LQMHFWHG LQ D VSOLW PRGH  DW D IORZ UDWH RI 
POPLQZLWK1LWURJHQDV WKHFDUULHUJDVRQWRD)$0(V57;FROXPQOHQJWKP
)LOP WKLFNQHVV  P WRWDO UXQ WLPH PLQ 3HDN DUHDV ZHUH LQWHJUDWHG XVLQJ WKH *&
VROXWLRQVRIWZDUHDQGWKH)$0(ZHUHLGHQWLILHGXVLQJIDWW\DFLGVWDQGDUGV6LJPD6XSOHFR
)$0(V

 5HVXOWVDQG'LVFXVVLRQ
 )7,5DQDO\VHVRQWKHELRPROHFXODUWUDQVLWLRQVDQGOLSLGDFFXPXODWLRQ
)7,5DEVRUSWLRQVSHFWUDRIWKHWKUHHPLFURDOJDOLVRODWH0FRQWRUWXP3VHXGRPXULHOOD
VS DQG &KODP\GRPRQDV VS ZHUH DQDO\]HG IRU WKHLU ELRPROHFXODU WUDQVLWLRQV DQG OLSLG
DFFXPXODWLRQDW WKHLUYDULRXVJURZWKSKDVHVXVLQJVHFRQGRUGHUGHULYDWLYHPHWKRG6HFRQG
GHULYDWLYHV RI WKH DEVRUSWLRQ VSHFWUD ZHUH GHWHUPLQHG DV PHQWLRQHG LQ 6HFWLRQ  7KHVH
VSHFWUDZHUHSORWWHGIRUWKHWKWRWKHWKGD\RIJURZWKLQRUGHUWRDQDO\]HWKHVLJQLILFDQW
VSHFWUDOFKDQJHVGXHWRWKHFKDQJHLQSK\VLRORJ\LQWKHDOJDOVSHFLHVDWHYHU\SKDVHRIWKHLU
JURZWK 7KH VHFRQG GHULYDWLYH VSHFWUD RI WKH PLFURDOJDO VSHFLHV 0FRUWRUWXP )LJ 
3VHXGRPXULHOOD VS )LJD DQG &KODP\GRPRQDV VS)LJ E ZHUH UHSRUWHG DORQJ ZLWK D
W\SLFDOUDZVSHFWUDRIWKHLUVWDWLRQDU\SKDVHWKGD\RIJURZWKWRVKRZWKHUHJLRQVZKHUH
VSHFWUDO YDULDWLRQV RFFXU 7KH LPSRUWDQW ELRPROHFXODU DEVRUSWLRQV ZHUH LQGLFDWHG 6HFRQG
GHULYDWLYHV UHVROYHG WKH RYHUODSSLQJ EDQGV LQ WKH UDZ VSHFWUD UHPRYHG WKHEDVHOLQH HUURUV
DQGOHDGWRWKHLGHQWLILFDWLRQRIVPDOODQGDGMDFHQWDEVRUSWLRQEDQGVDQGHQDEOHGTXDQWLWDWLYH
DQDO\VLV>@
7KH UDZ DEVRUSWLRQ VSHFWUD VKRZHG GLVWLQFW DEVRUSWLRQ EDQGV FRUUHVSRQGLQJ WR
GLIIHUHQWELRPROHFXOHVVXFKDVFDUERK\GUDWHVSURWHLQVDQGOLSLGVRYHUWKHZDYHQXPEHUUDQJH
 ?

±FP7KHEDQGVREVHUYHGLQWKHUHJLRQWRFPFRUUHVSRQGVWRȞ&+
DQGȞ&+DV\PPHWULFDQGV\PPHWULFVWUHWFKHVRIK\GURFDUERQVIURPOLSLGVDQGWKHEDQGDW
a FP ZDV GXH WR FDUERQ\O VWUHWFKHV IURP HVWHUV RI IDWW\ DFLGV PDLQO\ FDOOHG DV
WULDF\OJO\FHULGHV7$*V7KHVHWZRUHJLRQVDUHVLJQLILFDQWWRPRQLWRUWKHOLSLGDFFXPXODWLRQ
LQPLFURDOJDOVSHFLHV7ZRFKDUDFWHULVWLFEDQGVRIWKHDPLGHJURXSVRISURWHLQFKDLQVDPLGH
,DQGDPLGH,,ZHUHREVHUYHGDWaFPDQGaFPUHVSHFWLYHO\7KHUHJLRQEHWZHHQ
FPDQGFPZDVGXH WRȞ&2VWUHWFKHVRISRO\VDFFKDULGHVIURPFDUERK\GUDWH
DQGȞ3 2VWUHWFKHVRISKRVSKROLSLGVDQGQXFOHLFDFLGV7DEOH>±@7KHLQWHQVLW\
YDULDWLRQVLQWKHDEVRUSWLRQVSHFWUDDQGLQLWVVHFRQGGHULYDWLYHVSHFWUDLQWKHDERYHUHJLRQV
HQDEOHGWKHUDSLGDQDO\VHVRIELRPROHFXODUWUDQVLWLRQVDQGOLSLGDFFXPXODWLRQ
7REHWWHUHYDOXDWHWKHVSHFWUDOFKDQJHVLQWKHWKUHHVSHFLHVGXULQJWKHLUYDULRXVSKDVHV
RIJURZWK6HFRQGGHULYDWLYHVRIWKH)7,5VSHFWUDZHUHDQDO\]HGLQWZRZD\VL$QDO\VLVRQ
HDFK VSHFLHVGXULQJ WKHLUWK WRWK GD\RIJURZWK WR LGHQWLI\ WKHJURZWKSKDVH DWZKLFK
PD[LPXPOLSLGDFFXPXODWLRQRFFXUUHG)LJDQG)LJLL$QDO\VLVDWHYHU\JURZWKSKDVHV
IRUWKHWKUHHVSHFLHVWRLGHQWLI\WKHPD[LPXPOLSLGDFFXPXODWLQJVSHFLHV)LJDQG)LJ



)LJ)7,5DQDO\VHVRI0FRQWRUWXPDWWKHLUYDULRXVJURZWKSKDVHV
6HFRQGGHULYDWLYHVSHFWUDRQWKHWKWRWKGD\RIJURZWKDORQJZLWKWKHDEVRUSWLRQVSHFWUDRI
WKHVWDWLRQDU\SKDVHRIJURZWKWKGD\DUHUHSRUWHGWRVKRZWKHUHJLRQVRIVSHFWUDOYDULDWLRQV
(DFKVSHFWUXPLVDQDYHUDJHRIUHSOLFDWHV
 ?

Ă ?

ď ?

)LJ)7,5DQDO\VHVRID3VHXGRPXULHOODVSDQGE&KODP\GRPRQDVVSDWWKHLUYDULRXV
JURZWKSKDVHV
6HFRQGGHULYDWLYHVSHFWUDRQWKHWKWRWKGD\RIJURZWKDORQJZLWKWKHDEVRUSWLRQVSHFWUDRI
WKHVWDWLRQDU\SKDVHRIJURZWKWKGD\DUHUHSRUWHGWRVKRZWKHUHJLRQVRIVSHFWUDOYDULDWLRQV
(DFKVSHFWUXPLVDQDYHUDJHRIUHSOLFDWHV

 ?

 6HFRQGGHULYDWLYHDQDO\VLVRQHDFKVSHFLHVDWWKHLUYDULRXVJURZWKSKDVHV
2QWKHH[DPLQDWLRQRIWKHVHFRQGGHULYDWLYHVSHFWUDRIDOOWKHWKUHHVSHFLHVVKRZQLQ
)LJDQG)LJWKHSRVLWLRQRIWKHEDQGVFRUUHVSRQGLQJWRWKHELRPROHFXOHVZDVREVHUYHGWR
EHDOPRVW WKH VDPH LH LQ WKHH[SHFWHGZDYHQXPEHU UDQJH DWHYHU\ SKDVHRIJURZWKEXW
WKHLULQWHQVLW\YDULHGUHPDUNDEO\,QSDUWLFXODUWKHOLSLGEDQGVIURPWKHK\GURFDUERQVLQWKH
UHJLRQ  WR FP DQG WKH Ȟ& 2 HVWHUV RI 7$*V QHXWUDO OLSLGV DW aFP
LQFUHDVHGVWHDGLO\IURPWKHWKGD\WRWKHWKGD\H[SRQHQWLDOSKDVHWRWKHGHFOLQLQJSKDVH
RI JURZWK :KLOH WKH LQWHQVLW\ RI WKH DPLGH , a  FP DQG DPLGH ,, a  FP
EDQGVRISURWHLQVDQGWKHFDUERK\GUDWHEDQGVLQFUHDVHGWLOOWKHVWDWLRQDU\SKDVHDQGGHFUHDVHG
LQWKHGHFOLQLQJSKDVH 7KHLQWHQVLW\YDULDWLRQLQWKHVSHFWUDOGDWDUHSUHVHQWV WKHFKDQJHLQ
DEVRUEDQFH ZKLFK LV SURSRUWLRQDO WR WKH FRQFHQWUDWLRQ  FHOO SRSXODWLRQ RI WKH PLFURDOJDH
DFFRUGLQJWRWKH%HHU/DPEHUW¶VODZ7KXVWKHLQWHQVLW\YDULDWLRQREVHUYHGLQWKHVSHFWUDGXH
WRELRPROHFXODU WUDQVLWLRQVFDQEHDWWULEXWHG WR WKHPHWDEROLVPRIFHOOVGXULQJ WKHLUYDULRXV
SKDVHV RI JURZWK >@ 'XULQJ WKH HDUO\ H[SRQHQWLDO SKDVH ZKHQ WKHUH LV VXIILFLHQW
DYDLODELOLW\RIQXWULHQWVWKHPLFURDOJDOFHOOVGLYLGHEXWDVWKHFHOOVHQWHUWKHVWDWLRQDU\SKDVH
WKH QXWULHQW DYDLODELOLW\ EHFRPHV OLPLWHG WKH FHOO GLYLVLRQ VWRSV WKH DOJDO FHOOV VWDUW WR
DFFXPXODWH DQG VWRUHV PRUH HQHUJ\ LQ WKH IRUP RI OLSLGV DQG FDUERK\GUDWHV 'XULQJ WKH
GHFOLQLQJSKDVHOLSLGDFFXPXODWLRQH[FHHGVFDUERK\GUDWHV>@
,Q DGGLWLRQ WR WKH LGHQWLILFDWLRQ RI WKH JURZWK SKDVH ZLWK PD[LPXP OLSLG
DFFXPXODWLRQ VHYHUDO VPDOO RYHUODSSLQJ EDQGV VLJQLILFDQW WR WKH VDWXUDWHG DQG XQVDWXUDWHG
IDWW\ DFLGV RI OLSLGV ZHUH UHVROYHG LQ WKH VHFRQG GHULYDWLYHV RI WKH DEVRUSWLRQ VSHFWUD 7KH
VPDOOHUEDQGVDWaFPȞ &+DQGaFPG &+ZHUHGXHWRWKHVWUHWFKLQJ
DQGEHQGLQJYLEUDWLRQVRIXQVDWXUDWHGIDWW\DFLGVLQWKHDOJDOOLSLGV>@

 6HFRQGGHULYDWLYHDQDO\VLVDWHDFKSKDVHRIJURZWKIRUWKHWKUHHVSHFLHV
6HFRQG RUGHU GHULYDWLYH RI WKH )7,5 VSHFWUD ZHUH DQDO\]HG LQ WKH WZR VSHFWUDO
UHJLRQV  WR FP DQG  WR  FP )LJ DQG )LJ LQ WKH KLJK OLSLG
DFFXPXODWLQJVSHFLHVGXULQJYDULRXVSKDVHVRIJURZWK
7KHUHJLRQWRFP
7KHFKDUDFWHULVWLFEDQGVRIK\GURFDUERQVDUH WKH IRXUEDQGVDWaFPQDV&+
FPQDV&+  FPQV&+ DQG  FPQV&+  >@ 6HFRQG GHULYDWLYH
DQDO\VLVRIWKH)7,5DEVRUSWLRQVSHFWUDUHYHDOHGWKHVHIRXUEDQGV)LJDWR)LJGLQGLFDWHV
WKH YDULDWLRQV LQ WKH VSHFWUDO LQWHQVLW\ RI WKHVH EDQGV GXULQJ WKH JURZWK SKDVH RI WKH
PLFURDOJDO FHOOV  7KH VSHFWUD RI WKH WK GD\ RI JURZWK )LJD H[KLELWHG QR VLJQLILFDQW
 ? ?
FKDQJHVDPRQJ WKH WKUHH VSHFLHVLQ WKHK\GURFDUERQUHJLRQ+RZHYHU IURPWKHWKGD\ WR
WKH WK GD\ RI JURZWK GUDVWLF FKDQJHV LQ WKH VSHFWUDO LQWHQVLW\ RI WKH WKUHH VSHFLHV ZHUH
REVHUYHG )LJE $FFXPXODWLRQ RI OLSLGV LQ WKH IRUP RI K\GURFDUERQV ZDV KLJKHU IRU 0
FRQWRUWXP WKDQ IRU WKH RWKHU WZR VSHFLHV 7KH EDQG DW a  FP FRUUHVSRQGHG WR WKH
VWUHWFKLQJ YLEUDWLRQV Ȟ   &+ IURP WKH XQVDWXUDWHG IDWW\ DFLGV ZDV FOHDUO\ YLVLEOH LQ
0FRQWRUWXP)LJEWR)LJG>@+RZHYHUWKLVEDQGZDVREVHUYHGDVDYHU\ZHDN
EDQGLQ3VHXGRPXULHOODVSDQG&KODP\GRPRQDVVS)LJ7KLVLQGLFDWHVWKHSUHVHQFHRI
XQVDWXUDWHGIDWW\DFLGV8)$LQWKHWKUHHDOJDOVSHFLHV

 D  E

)LJ6HFRQGGHULYDWLYHVSHFWUDEHWZHHQDQGFPRIWKHWKUHHPLFURDOJDOVSHFLHVRQDWKGD\
EWKGD\FWKGD\DQGGWKGD\RIJURZWK
 
F G
 ? ?



)LJ6HFRQGGHULYDWLYHVSHFWUDEHWZHHQDQGFPRIWKHWKUHHPLFURDOJDOVSHFLHVRQDWKGD\EWKGD\
FWKGD\DQGGWKGD\RIJURZWK7KHDUURZLQGLFDWHVWKHLQFUHDVLQJ7$*V

7KHUHJLRQWRFP
 7KH UHJLRQ  WR FP LQGLFDWHV  GLVWLQFW EDQGV FKDUDFWHULVWLF RI
YDULRXV ELRPROHFXOHV %DQGV GXH WR OLSLGV ZHUH aFP Q& 2 aFP GDV&+
aFPGV&+ DQG RI SURWHLQV ZHUH aFPDPLGH , PDLQO\ Q& 2 a  FP
DPLGH ,, G1+ Q&1 7KH VPDOO VKRXOGHU EDQGV LQ WKH UHJLRQ   FP WKDW
FRUUHVSRQGWRWKHQ&2&Q3 2VWUHWFKHVRIFDUERK\GUDWHVZHUHUHVROYHGDQGREVHUYHG
DVIRXUEDQGVaFPaFPaFPaFP7DEOH)URPWKHWKGD\WR
 ? ?

WKH WK GD\ RI JURZWK WKH EDQG DW aFP IURP WKH QHXWUDO OLSLGV 7$*V H[KLELWHG
UHPDUNDEOHFKDQJHV LQ LWV LQWHQVLW\ )LJD WR)LJG6XFKSUHGRPLQDQWFKDQJHVZHUHQRW
REVHUYHG LQ WKH RWKHU OLSLG EDQGV DW a FP DQGa FP7KLV FRQILUPV WKDW WKHVH
PLFURDOJDOVSHFLHVDUHDFFXPXODWLQJPRUH WULDF\OJO\FHULGHV7$*V WKDQ WKHRWKHUIRUPVRI
OLSLGVZKLFKLVDJRRGLQGLFDWRUIRUELRGLHVHOSURGXFWLRQ$PRQJWKHWKUHHVSHFLHVLQFUHDVHG
DFFXPXODWLRQRI7$*V)LJZDVREVHUYHGIRU0FRQWRUWXPZKLFKLQGLFDWHWKDWWKHVSHFLHV
LVULFKZLWKVDWXUDWHGDQGPRQRXQVDWXUDWHGIDWW\DFLGV>@,QDGGLWLRQWRWKHFKDQJHV
LQ OLSLG EDQGV VLJQLILFDQW FKDQJHV ZHUH REVHUYHG IRU WKH SURWHLQ EDQGV DW a DQG a
FP)LJFDQG)LJGFOHDUO\LQGLFDWHWKHGHFUHDVHLQWKHLQWHQVLW\RIWZRDPLGHEDQGV
ZKLFK UHIOHFWV WKH PHWDEROLVP RI WKH PLFURDOJDO FHOOV 6HFWLRQ   7KXV VHFRQG
GHULYDWLYH DQDO\VLVYLYLGO\ H[SODLQV WKHELRPROHFXODU WUDQVLWLRQV DQG WKH OLSLG DFFXPXODWLRQ
GXULQJWKHJURZWKSKDVHVRIPLFURDOJDOFHOOV

 'HWHUPLQDWLRQRIOLSLGFRQWHQWIURP)7,5VSHFWUD
7RHYDOXDWH WKHDFFXPXODWLRQRI OLSLGV LQ WKH WKUHHPLFURDOJDO VSHFLHV UHODWLYH DQG
DEVROXWHFRQWHQWRIOLSLGV>K\GURFDUERQVDQGWULDF\OJO\FHULGHV7$*V@ZHUHGHWHUPLQHGIURP
WKHLUVHFRQGGHULYDWLYHVSHFWUDOGDWD
5HODWLYHFRQWHQWRIOLSLGV
5HODWLYHFRQWHQWZDVREWDLQHGE\QRUPDOL]LQJWKHOLSLGEDQGVZLWKWKHSURWHLQEDQGV
>@7KHLQWHJUDWHGEDQGDUHDRI WKHUHJLRQ±FP WKDWFRUUHVSRQGVWR
K\GURFDUERQV&+VWUHWFKDQGWKHEDQGDUHDRI7$*VaFPZHUHQRUPDOL]HGE\WKH
DPLGH,EDQGDUHDaFPDQGWKHLUFRUUHVSRQGLQJSHDNUDWLRVZHUHSORWWHGGXULQJWKH
WKWRWKGD\RIJURZWKRIWKHPLFURDOJDOVSHFLHVDVVKRZQLQ)LJ$QLQFUHDVHLQWKH&+
$PLGH , UDWLR )LJD ZLWK DQ LQFUHDVH LQ WKH GD\V RI JURZWK RFFXUUHG IRU DOO WKH WKUHH
VSHFLHV 'XULQJ WKH GHFOLQLQJ SKDVH RI JURZWK WK GD\ DOO WKH WKUHH VSHFLHV H[KLELWHG D
PD[LPXP RI WZR WR WKUHHIROG LQFUHDVH LQ WKH UHODWLYH K\GURFDUERQ FRQWHQW 6LPLODUO\ WKH
7$*V$PLGH,UDWLRZLWKWKHGD\VRIJURZWK)LJEVKRZHGDQLQFUHDVHGDFFXPXODWLRQRI
WULDF\OJO\FHULGHVIRUWKHPLFURDOJDOVSHFLHV0FRQWRUWXPDQG&KODP\GRPRQDVVSIURPWKH
LQLWLDO YDOXH RI DURXQG  WR  DQG  UHVSHFWLYHO\ UHVXOWLQJ LQ D VHYHQ WR HLJKW IROG
LQFUHDVHGXULQJWKHGHFOLQLQJSKDVHRIJURZWKLQFRPSDULVRQWR3VHXGRPXULHOODVS3UHYLRXV
VWXGLHVRQJUHHQDOJDOVSHFLHVOLNH&KODP\GRPRQDVUHLQKDUGWLLDQG6FHQHGHVPXVVXEVSLFDWXV
KDYHH[KLELWHGWRIROGLQFUHDVHLQOLSLGDFFXPXODWLRQ>@
 ? ?

D

E


)LJ5HODWLYHFRQWHQWRIDK\GURFDUERQVDQGEWULDF\OJO\FHULGHV7$*VGXULQJWKHYDULRXVSKDVHVRIJURZWK
RIWKHPLFURDOJDOVSHFLHV(DFKSRLQWLVWKHPHDQ6(RIUHSOLFDWHV

$EVROXWHFRQWHQWRIOLSLGV
7KHLQWHJUDWHGEDQGDUHDRIDPLGH,ZDVXVHGIRUWKHQRUPDOL]DWLRQRIOLSLGEDQGVWR
GHWHUPLQH WKH UHODWLYH OLSLG FRQWHQW +RZHYHU WKH LQWHQVLW\ RI WKH DPLGH , EDQG ZDV DOVR
FKDQJLQJ ZLWK WKH SKDVHV RI JURZWK RI WKH PLFURDOJDO VSHFLHV )LJ )LJ DQG )LJ 
7KHUHIRUHWRH[FOXGHWKHLPSDFWRIFKDQJLQJSURWHLQFRQWHQWWKHLQWHJUDWHGEDQGDUHDRIWKH
K\GURFDUERQV FPDQG7$*V aFPZHUHQRUPDOL]HGE\D UHJLRQZLWK
DOPRVW]HURLQWHQVLW\LQWKHVHFRQGGHULYDWLYHVSHFWUDZKLFKGRHVQRWFKDQJHZLWKWKH
SKDVHVRIJURZWKDVZHOODVZLWKWKHVSHFLHVDQGKDYHQRFKDUDFWHULVWLFEDQGV7KLVUHVXOWVLQ
WKH GHWHUPLQDWLRQ RI WKH DEVROXWH FRQWHQW RI K\GURFDUERQV DQG 7$*V $V WKH VHFRQG
GHULYDWLYH VSHFWUD LWVHOI DUH QRUPDOL]HG WKH LQWHJUDWHG SHDN DUHD UHSUHVHQWV WKH DEVROXWH
FRQWHQW)LJVKRZV WKHDEVROXWHFRQWHQWRI OLSLGVGXULQJ WKHYDULRXVJURZWKSKDVHVRI WKH
PLFURDOJDOVSHFLHV7KHHQKDQFHPHQWRIOLSLGDFFXPXODWLRQZDVREVHUYHGIRUDOOWKHVSHFLHV
ZLWK DQ LQFUHDVH LQ WKH GD\V RI JURZWK 7KH DEVROXWH OLSLG FRQWHQW RI 0FRQWRUWXP ZDV
GLVWLQFWO\KLJKHUWKDQWKH3VHXGRPXULHOODVSDQG&KODP\GRPRQDVVS0FRQWRUWXPH[KLELWHG
QHDUO\IROGLQFUHDVHLQWKHK\GURFDUERQVWRDQGDWKLUWHHQIROGLQFUHDVHLQ7$*V
 WR   7KH DEVROXWH FRQWHQW RI OLSLG DFFXPXODWLRQ H[DFWO\ PDWFKHV ZLWK WKH VHFRQG
GHULYDWLYHV RI WKH DEVRUSWLRQ VSHFWUD VKRZQ LQ )LJ  DQG )LJ 7KH LQFUHDVHG DPRXQW RI
 ? ?

7$*VVLJQLILHV WKHSUHGRPLQDQFHRIVDWXUDWHGDQGPRQRXQVDWXUDWHG IDWW\DFLGV LQ WKHDOJDO
OLSLGVRIWKHVHVSHFLHV

D

E


)LJ$EVROXWHFRQWHQWRIDK\GURFDUERQVDQGEWULDF\OJO\FHULGHV7$*VGXULQJWKHYDULRXVSKDVHVRIJURZWK
RIWKHPLFURDOJDOVSHFLHV(DFKSRLQWLVWKHPHDQ6(RIUHSOLFDWHV


 5DPDQVSHFWUDODQDO\VLVRQWKHOLSLGDFFXPXODWLRQLQJUHHQPLFURDOJDOVSHFLHV
 5DPDQ VSHFWUDRI WKH WKUHHJUHHQPLFURDOJDO VSHFLHV 0FRQWRUWXP3VHXGRPXULHOOD
VSDQG&KODP\GRPRQDVVSZHUHDQDO\]HGGXULQJWKHLUVWDWLRQDU\SKDVHDQGUHSRUWHGZLWK
WKHLUVHFRQGGHULYDWLYHVLQ)LJ5DPDQVSHFWUDODQDO\VLVSURYLGHGDGGLWLRQDOLQIRUPDWLRQWR
WKH)7,5DQDO\VLVRQOLSLGDFFXPXODWLRQ,Q)7,5DQDO\VLVOLSLGDFFXPXODWLRQZDVPRQLWRUHG
LQ WKH FKDUDFWHULVWLF UHJLRQV RI K\GURFDUERQV  ±  FP DQG 7$*V a FP
7$*V DUH QHXWUDO OLSLGV SULPDULO\ PDGH XS RI VDWXUDWHG 6)$ DQG PRQRXQVDWXUDWHG IDWW\
DFLGV 08)$ >@ DQG DUH WKH SUHIHUUHG FRPSRXQGV IRU ELRGLHVHO 6HFWLRQ  5DPDQ
VSHFWUD UHYHDOHG VLJQLILFDQW EDQGV WKDW FRUUHVSRQG WR WKHVH VDWXUDWHG DQG XQVDWXUDWHG IDWW\
DFLGVLQWKHDOJDOOLSLGV
 6WURQJEDQGVZHUHREVHUYHGDWaFPDQGaFP WKDWFRUUHVSRQGHG WR WKH
DV\PPHWULFDQGV\PPHWULFVWUHWFKHVRIK\GURFDUERQV$KLJKO\LQWHQVHEDQGZDVREVHUYHGDW
aFPGXHWRG&+VFLVVRULQJYLEUDWLRQVIURPWKHVDWXUDWHGIDWW\DFLGVSUHVHQWLQWKH
DOJDO OLSLGV )LJ D ,Q DGGLWLRQ WKH VSHFWUD VKRZHG EDQGV FRUUHVSRQGLQJ WR WKH RWKHU
ELRPROHFXOHV VXFK DV FDUERK\GUDWHV DQG SLJPHQWV OLNH FDURWHQRLGV DQG FKORURSK\OO D
 ? ?

UHSUHVHQWHGLQ7DEOH7KHFKDUDFWHULVWLFEDQGVRISURWHLQVREVHUYHGLQWKH)7,5VSHFWUDDW
a FP DQG a FP ZHUH QRW SURPLQHQW LQ WKH 5DPDQ VSHFWUD EHFDXVH FDUERQ\O
VWUHWFKHVQ& 2DUHZHDN>@
    
 D
E

)LJD5DPDQVSHFWUDRIWKHWKUHHPLFURDOJDOVSHFLHVDQGWKHLUEVHFRQGGHULYDWLYHVSHFWUDDWWKH
WKGD\VWDWLRQDU\SKDVHRIJURZWK(DFKVSHFWUXPLVDQDYHUDJHRIUHSOLFDWHV5HFWDQJXODUER[HV
LQGLFDWHWKHEDQGVRIXQVDWXUDWHGIDWW\DFLGV

 ? ?


 7KHVHFRQGGHULYDWLYHDQDO\VLVRI5DPDQVSHFWUDUHYHDOHGWKHEDQGVWKDWFRUUHVSRQGWR
WKHXQVDWXUDWHGIDWW\DFLGV7KHFKDUDFWHULVWLFYLEUDWLRQVRIOLSLGXQVDWXUDWLRQDUHQ &+DW
a FP Q& & DW a FP DQG G &+ DW a FP >@  6HFRQG
GHULYDWLYHV RI WKH 5DPDQ VSHFWUD FOHDUO\ VKRZHG WKH YDULDWLRQ LQ WKH LQWHQVLW\ RI WKHVH
YLEUDWLRQVIRU WKH WKUHHVSHFLHV )LJE7KHVWUHWFKLQJYLEUDWLRQRI   &+DWaFP
ZDVREVHUYHGIRUDOOWKHWKUHHVSHFLHVZLWKPD[LPXPLQWHQVLW\IRU0FRQWRUWXPZKLFKZDV
DOVRFRQILUPHGLQWKH)7,5VSHFWUD)LJDQG)LJ7KH& &VWUHWFKLQJYLEUDWLRQDWa
FPZDVREVHUYHGDVVPDOOEDQGVZLWKVLPLODULQWHQVLWLHVLQDOOWKHWKUHHVSHFLHV7KHEDQG
GXHWRWKH &+GHIRUPDWLRQDWaFPZDVSUHGRPLQDQWLQ3VHXGRPXULHOODVSWKDQLQ
WKHRWKHUWZRVSHFLHV$OOWKHVHEDQGVLQGLFDWHWKHSUHVHQFHRIXQVDWXUDWHGIDWW\DFLGV08)$
DQG 38)$ LQ WKH PLFURDOJDO OLSLGV +RZHYHU WKH VPDOOHU LQWHQVLW\ RI WKHVH EDQGV LQ
FRPSDULVRQWRWKHVDWXUDWHGIDWW\DFLGVDWaFPLQGLFDWHWKDWWKHVHWKUHHPLFURDOJDHDUH
ULFKZLWKVDWXUDWHGIDWW\DFLGVDQGFRQILUPV WKHSRWHQWLDORI WKHVHPLFURDOJDH WREHDJRRG
VRXUFHIRUELRGLHVHO>@

 )DWW\DFLGDQDO\VLVE\*&)7,5DQG5DPDQVSHFWURVFRS\
)7,5 DQG 5DPDQ VSHFWUDO DQDO\VLV RI WKH WKUHH PLFURDOJDO VSHFLHV UHYHDOHG WKH
DFFXPXODWLRQRI OLSLGV LQ WKHIRUPRIK\GURFDUERQV7$*VDQGIDWW\DFLGV 7RDQDO\]H WKH
SRWHQWLDO RI WKHVH VSHFLHV WR EH D VRXUFH IRU ELRGLHVHO TXDQWLILFDWLRQ RI WKH IDWW\ DFLGV
>VDWXUDWHG6)$DQGXQVDWXUDWHG8)$@LVQHFHVVDU\*DVFKURPDWRJUDSK\*&LVRQHRI
WKH FRQYHQWLRQDO PHWKRGV ZLGHO\ XVHG DV D UHOLDEOH WHFKQLTXH IRU IDWW\ DFLG DQDO\VLV
+RZHYHUWKHPHWKRGUHTXLUHVH[WUDFWLRQRIOLSLGVIURPDOJDOFHOOV7KHDOWHUQDWLYHHIIHFWLYH
PHWKRGVWRTXDQWLI\OLSLGVZLWKRXWWKHH[WUDFWLRQDUHWKH)7,5DQG5DPDQVSHFWURVFRS\
)LJDDQG)LJEVKRZVWKHVHFRQGGHULYDWLYHVRIWKH)7,5DQG5DPDQVSHFWUDRI
WKHWKUHHVSHFLHVGXULQJWKHLUVWDWLRQDU\SKDVHRIJURZWK7KHUHFWDQJXODUER[HVLQWKHVSHFWUD
LQGLFDWH WKH UHJLRQVRI VDWXUDWHGDQGXQVDWXUDWHG IDWW\DFLGVSUHVHQW LQ WKHDOJDO OLSLGV7KH
LQWHJUDWHG EDQG DUHD IRU WKH FKDUDFWHULVWLF YLEUDWLRQV RI XQVDWXUDWHG OLSLGV   &+ VWUHWFK
a FP & & VWUHWFK a FP DQG   &+ GHIRUPDWLRQ a FP ZHUH
FDOFXODWHG7KHEDQGDUHDIRUWKHYLEUDWLRQȞ& &ZHUHQRWFDOFXODWHGLQWKH)7,5VSHFWUD
EHFDXVH WKH\ DUHJHQHUDOO\ZHDN LQ ,5DQGDOVR WKH VDPH UHJLRQDWWULEXWHV WR WKH FDUERQ\O
VWUHWFK & 2 RI DPLGH , ZKLFK LV D VWURQJ EDQG LQ )7,5 7KH FKDUDFWHULVWLF YLEUDWLRQ RI
7$*VaFPFRPSULVHRI6)$DQG08)$7KHEDQGDUHDRI7$*VDQGWKHWRWDOEDQG
DUHD RI 8)$ ZHUH GHWHUPLQHG 7KLV HQDEOHG WR TXDQWLI\ WKH 6)$ DQG 8)$ )LJD DQG
 ? ?

)LJERIWKHWKUHHVSHFLHVIURPWKH)7,5VSHFWUD7KHSHUFHQWDJHRI6)$IURPWKH)7,5
VSHFWUD ZDV  IRU 0FRQWRUWXP  IRU &KODP\GRPRQDV VS  IRU 3VHXGRPXULHOOD VS
6LPLODUO\IURPWKH5DPDQVSHFWUDWKHWRWDO8)$ZDVGHWHUPLQHGE\VXPPDWLRQRIWKHWKUHH
OLSLGXQVDWXUDWLRQUHJLRQV6)$ZDVFDOFXODWHGIURPWKHLQWHJUDWHGEDQGDUHDDWaFP
WKDWFRUUHVSRQGVWR&+VFLVVRULQJYLEUDWLRQV)LJEDQG)LJF7KHSHUFHQWDJHRI6)$
IURP WKH 5DPDQ VSHFWUD ZDV  IRU 0FRQWRUWXP  IRU &KODP\GRPRQDV VS  IRU
3VHXGRPXULHOOD VS 7KH HQKDQFHPHQW LQ WKH SHUFHQWDJH RI 6)$ LQGLFDWHV WKH VXLWDELOLW\ RI
WKHVHVSHFLHVIRUELRGLHVHODSSOLFDWLRQ


D

E


)LJ6DWXUDWHGDQGXQVDWXUDWHGIDWW\DFLGUHJLRQVLQWKHD)7,5DQGE5DPDQVSHFWUDRIWKHWKUHH
PLFURDOJDOVSHFLHV7KHUHFWDQJXODUER[HVLQGLFDWHWKHUHJLRQV


 ? ?

&RORXUVKRXOGEHXVHGIRUWKLVILJXUHLQSULQW

D

E

F
 

)LJ)DWW\DFLGDQDO\VLVE\D*DVFKURPDWRJUDSK\E)7,5DQGF5DPDQ6SHFWURVFRS\UHFRUGHGRQWKHWK
GD\JURZWKRIWKHPLFURDOJDOVSHFLHV
 
 ? ?

7KHUHVXOWVRI*&DQDO\VLVIRUWKHWKUHHPLFURDOJDOVSHFLHVRQWKHLUWKGD\RIJURZWK
)LJD VKRZHG PD[LPXP 6)$ IRU &KODP\GRPRQDV VS +RZHYHU D WRWDO RI 6)$ DQG
08)$ SUHIHUUHG FRPSRQHQWV IRU ELRGLHVHO LQ WKH PLFURDOJDO VSHFLHV ZHUH KLJK IRU
0FRQWRUWXP7KH VSHFWUDO UHVXOWVRQ WKH IDWW\ DFLGV VKRZHGDQ LQFUHDVLQJFRQFHQWUDWLRQRI
6)$ LQ WKH PLFURDOJDO VSHFLHV LQ WKH RUGHU 0 FRQWRUWXP ! &KODP\GRPRQDV VS !
3VHXGRPXULHOOD VS  7KH UHVXOWV REWDLQHG IURP )7,5 DQG 5DPDQ DQDO\VLV ZHUH FRQVLVWHQW
ZLWK*&DQDO\VLV7KXVTXDQWLILFDWLRQRI IDWW\DFLGVE\ WKH)7,5DQG5DPDQVSHFWURVFRSLF
PHWKRGVZDVIDVWUHOLDEOHDQGQRQGHVWUXFWLYH
 &RQFOXVLRQ
 6SHFWURVFRSLF LQYHVWLJDWLRQVZHUHSHUIRUPHG WRDQDO\]H WKHELRPROHFXODU WUDQVLWLRQV
DQGDFFXPXODWLRQ RI OLSLGVZLWKLQ WKHPLFURDOJDO FHOOV7KUHH JUHHQPLFURDOJDO VSHFLHV 0
FRQWRUWXP3VHXGRPXULHOODVSDQG&KODP\GRPRQDVVSZHUHH[DPLQHGGXULQJWKHLUYDULRXV
SKDVHV RI JURZWK )7,5 DEVRUSWLRQ VSHFWUD DQG LWV VHFRQG GHULYDWLYHV UHIOHFWHG WKH
ELRPROHFXODU WUDQVLWLRQVWKDWRFFXUUHGZLWKLQWKHFHOOVGXHWRSK\VLRORJ\6HFRQGGHULYDWLYH
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